
16.2 
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Summary 

Power conditioning systems for high peak and 
average power, high repetitio~ rate discharge 
excited lasers involve operat1on of modulator 
components in unconventional regimes. Reliable 
operation of switches an~ ene~gy stora$e.elem~nts 
under high voltage and h1gh d1/dt cond1t1ons lS a 
pacing item for laser development at the present 
time. To test and evaluate these components a 
l'lodulator Component Test Facility (MCTF) was 
constructed. 

The MCTF consists of a command charge system, 
energy storage capacitors, thyratron sw~tc~ with . 
inverse thyratron protection, and a res1st1Ve load. 
The modulator has initially been operated at 
voltages up to 60 kV at 600 Hz. Volt~ge, curren~, 
and calorimetric diagnostics are prov1ded for maJor 
modulator components. Measurements of thyratron 
characteristics under high di/dt operation are 
presented. Commutation energy loss and di/dt have 
been measured as functions of the tube hydrogen 
pressure. 

Introduction 

Scaling gas discharge lasers to average ~ower 
levels appropriate for laser isotope separat1on 
plant applications requires th~ ~ev~lopment of 
adequate electrical power cond1t1on1ng systems. 
Such systems must have the power capabili~y to drive 
the high average power lasers plus suff1c1ent 
reliability for plant operation. The pro~l~ms. 
associated with developing the power cond1t1on1ng 
system arise from scaling the pulse-repetition 
frequency (PRF) and operating voltage of .the laser. 
The choice ana characteristics of switches capable 
of high average power and high voltage operation are 
critical to successful laser development. 

Hydrogen thyratrons have long been ~seu.as high 
voltage switches for high rep rate appl1cat1ons such 
as radar modulators. High power laser modulators 
require high voltage, high rep rate, and hi$h di/dt 
switch operation not generally needed for l1ne-~ype 
modulators. Recent thyratron development has a1med 
at increasing the voltage and di/dt capabilities of 

high power tubes. 1,2 The problems of integrating 
these new switches into a functioning system 
together with the effects of scali~g ~odu~ator 
parameters introduce major uncerta1nt1es 1~t? t~e 
design and performance of laser power-cond1t1on1ng 
systems. The Modulator Component Test Facility 
(MCTF) was constructed to evaluate modulator 
component performance at full peak- and 
average-power stress thus reducing th~se 
uncertainties and improving the relat1ve success of 
laser development. 

*This work was performed under the auspices of the 
u. S. Department of Energy by the Lawrence Livermore 
National Laboratory under contract number 
W-7405-ENG-78. 
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Circuit Design 

The MCTF design emphasizes flexibility of 
testing components such as thyratrons in a manner 
relevent to high power laser applications. The 
laser operating parameters require several parallel 
thyratron switches capable of high-power operation 
at voltages above 40 kV. The stress on a single 
thyratron is simulated in the test facility. 
Typical operating parameters for the MCTF are 
summarized in Table l. 

Table l. MCTF Characteristics 
Charge voltage 
Energy stored per 
Thyratron current 

pulse 
pulse 

Rate of rise of thyratron current 
PRF 

60 kV 
14 J 
6 kA peak 
100 ns FWHM 
>10 ll A/S 
2 kHz 

The MCTF consists of the 5 major sections shown 
in Fig. l. An adjustable high voltage de power 

Command charge Pulse Power modulator 
modulator transformer 

10 S/. 

Resistive 
load 

Fig. l Simplified circuit diagram of ~1CTF system. 

supply energizes the command charge circuit. A 
step-up pulse transformer provides higher voltages 
to the power modulator than would be available from 
the supply. The thyratron under test is contained 
in the power modulator section. The main thyratron 
switch, inverse thyratron, and energy storage 
capacitors simulate a fraction of the entire 
modulator system for a high power laser. The laser 
load is simulated with a resistive load using a 
flowing salt solution as the electrolyte. All 
components are immersed in oil to provide both high 
voltage insulation and adequate component cooling at 
high power dissipation levels. The oil tank 
containing the transformer and power modulator is 
shown in Fig. 2. 

Fig. 2 MCTF modulator tank. 



Report Documentation Page Form Approved
OMB No. 0704-0188

Public reporting burden for the collection of information is estimated to average 1 hour per response, including the time for reviewing instructions, searching existing data sources, gathering and
maintaining the data needed, and completing and reviewing the collection of information. Send comments regarding this burden estimate or any other aspect of this collection of information,
including suggestions for reducing this burden, to Washington Headquarters Services, Directorate for Information Operations and Reports, 1215 Jefferson Davis Highway, Suite 1204, Arlington
VA 22202-4302. Respondents should be aware that notwithstanding any other provision of law, no person shall be subject to a penalty for failing to comply with a collection of information if it
does not display a currently valid OMB control number. 

1. REPORT DATE 
JUN 1981 

2. REPORT TYPE 
N/A 

3. DATES COVERED 
  -   

4. TITLE AND SUBTITLE 
Thyratron Characteristics Under High Di/Dt And High Repetition Rate 
Operation 

5a. CONTRACT NUMBER 

5b. GRANT NUMBER 

5c. PROGRAM ELEMENT NUMBER 

6. AUTHOR(S) 5d. PROJECT NUMBER 

5e. TASK NUMBER 

5f. WORK UNIT NUMBER 

7. PERFORMING ORGANIZATION NAME(S) AND ADDRESS(ES) 
Lawrence Livermore National Laboratory P. 0. Box 5508, Livermore, CA 
94550 

8. PERFORMING ORGANIZATION
REPORT NUMBER 

9. SPONSORING/MONITORING AGENCY NAME(S) AND ADDRESS(ES) 10. SPONSOR/MONITOR’S ACRONYM(S) 

11. SPONSOR/MONITOR’S REPORT 
NUMBER(S) 

12. DISTRIBUTION/AVAILABILITY STATEMENT 
Approved for public release, distribution unlimited 

13. SUPPLEMENTARY NOTES 
See also ADM002371. 2013 IEEE Pulsed Power Conference, Digest of Technical Papers 1976-2013, and
Abstracts of the 2013 IEEE International Conference on Plasma Science. Held in San Francisco, CA on
16-21 June 2013. U.S. Government or Federal Purpose Rights License. 

14. ABSTRACT 

15. SUBJECT TERMS 

16. SECURITY CLASSIFICATION OF: 17. LIMITATION OF 
ABSTRACT 

SAR 

18. NUMBER
OF PAGES 

3 

19a. NAME OF
RESPONSIBLE PERSON 

a. REPORT 
unclassified 

b. ABSTRACT 
unclassified 

c. THIS PAGE 
unclassified 

Standard Form 298 (Rev. 8-98) 
Prescribed by ANSI Std Z39-18 



Design of the power modulator oil tank provides 
the capability of testing several different sizes of 
thyratrons and capacitors while maintaining a low 
inductance configuration. The transformer, main 
thyratron, inverse thyratron, and energy storage 
capacitors are each separated by plexiglas 
barriers. Separating each component provides 
individual oil circulating systems suitable for 
calorimetry measurements. The command charge 
circuit is located in a separate oil tank with its 
own calorimetry diagnostics. 

Thyratron Performance 

One of the major objectives of the MCTF is to 
evaluate thyratron performance under high-voltage, 
high-power laser modulator conditions. Initial 
operation of the MCTF involved evaluation of 
multi-gap thyratron performance at voltages from 
38 kV to 60 kV. The first thyratron tested was a 
HY-5301 which is a two-gap version of the HY-53. 
Two such thyratrons were operated in the MCTF, one 
as the main switch and the other as the inverse 
diode. Initial operation involved testing the 
system performance and reliability up to 60 kV at 
400 Hz. 

After testing high voltage modulator operation, 
characteristics of the HY-5301 as the main switch 
were measured. A low-inductance single-gap HY-5313 
replaced the HY-5301 as the main switch, and the 
same measurements were repeated to compare thyratron 
charcteristics in identical circuits. Both 
thyratrons were triggered on the control grid from a 
2 kV, 40 ohm driver having a pulse width of 0.5 ]JS. 

The holdoff voltage and di/dt were measured at 
various reservoir voltages and the results are shown 
in Figs. 3 and 4. Compared to the HY-5313, the 
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Fig. 3 Variation of holdoff voltage with reservoir 
voltage 

HY-5301 holdoff voltage is more sensitive to changes 
in reservoir voltage. It should be noted, however, 
that for a given reservoir voltage, the pressure in 
one thyratron may differ from that in the other. 
Both tubes were operated with a voltage charge time 
of 4 IJS and a holding time of 1 IJS. All di/dt 
measurements were made at 200 Hz and 38 kV charge 
voltage. The main thyratron current was measured 
with a current transformer. The effect of the low 
inductance structure of the HY-5313 is shown in its 
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Fig. 4 

fig. 5 
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Reservoir voltage dependence of di/dt at 
200 Hz and 38 kV 
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Reservoir voltage (Volts) 

Anode voltage fall time vs. reservoir 
voltage measured in a high inductance 
discharge circuit 

higher di/dt at all reservoir voltages. The anode 
voltage fall time measurements of Fig. 5 were made 
with a large inductance added to the discharge 
circuit to prevent voltage drops due to the tube 
inductance. The fall time was measured from 90% to 
10% of the peak voltage. At a given reservoir 
voltage, the HY-5313 fall time is much less than 
that of the HY-5301. The percent dissipation curves 
in Fig. 6 show that operation at a reservoir voltage 
above the nominal 4.5 V reduces dissipation while 
increasing di/dt. Fig. 7 indicates that thyratron 
dissipation decreases slightly with increased PRF. 
This could be caused by increased gas pressure at a 
given reservoir voltage due to thyratron heating. 
For these measurements, the reservoir voltage for 
the HY-5301 was 5.0 volts and 5.25 volts for the 
HY-5313. These reservoir voltage values were chosen 
to provide a holdoff voltage of 52-53 kV. 



Fig. 6 
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HY-5313 (5.25 V) 

5~----L-----L-----~----~--~ 
200 400 600 

PRF (Hz) 

PRF dependence of percent of thyratron 
dissipation. 
HY-5301 at 5.0 volts on reservoir 
HY-5313 at 5.25 volts on reservoir 
38 kV charge voltage 

Conclusions 

A facility for evaluating gas discharge laser 
modulator components has been constructed, ana 
component tests are currently being made. Initial 
measurements have characterized important thyratron 
parameters for two different thyratrons. Since 
switch lifetime and efficiency may be increased by 
reducing commutation loss, thyratron dissipation 
becomes an important factor in laser modulator 
performance. Dissipation and di/dt measurements 
emphasize the need to operate thyratrons at higher 
than normal reservoir voltages to reduce dissipatior. 
while increasing di/dt. For our desired laser 
modulator circuit, the HY-5313 provides sufficient 
voltage holdoff (>50 kV) and relatively low 
dissipation (<9%) at high reservoir voltages. 
Effects of different triggering methods on 
dissipation should be investigated along with 
studies of thyratron lifetime. More measurements on 
other thyratrons should be made particularly to 
determine dissipation characterisitics at higher rep 
rates and higher voltages. 
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